Abstract: Building energy consumption in China recently surpassed the US building consumption, and it is expected to increase significantly in the next decade pushed by the continuous population and urbanization increase. In response to that situation, the Chinese government introduced a series of building energy codes and rating systems to assess and enhance the building energy performance. The purpose of this study is to develop a rating system for the building energy efficiency, based on in situ measurement. The system is intended for office buildings in China's cold zone. An evaluation framework, graphic dominant point, and principle of data collection and processing are illustrated in this paper. Three existing buildings were rated under the new rating system. The authors believe that the new system will contribute to a more accurate and comprehensive understanding for asset holders and occupants, that report on the extent to which energy efficiency buildings have been reached. Rating results are expected to be a reference for the retrofitting of existing buildings and the design of new buildings. In addition, the outlook for the rating system was also discussed.
Introduction
China is the country with the largest energy consumption worldwide, with a rate of 18% in 2010 [1] ; in particular, the building energy consumption in China recently surpassed the US building consumption, and it is expected to increase significantly in the next decade, pushed by the continuous population and urbanization increase, and the improving living standards that are following the increasing urbanization rate [2] . The building sector is a major contributor to environmental degradation [3] . To preserve the environment and reduce building energy consumption in China, a series of measures has been implemented in order to promote building energy efficiency. The measures mainly consist of introducing and improving energy codes and design standards for new and existing buildings [4] , and the energy evaluation of buildings.
China began monitoring its energy efficiency efforts in the early 1980s, in response to the continuous increase in the energy use of the residential sector [5] , before expanding its efforts over a larger scope, leading to the introduction of a series of new building energy standards and codes [6] [7] [8] . These standards are mandatory at a national level and have a significant influence on the design phase of new buildings and the retrofitting of existing buildings. These standards defined the efficiency requirements of the building envelope, such as the minimum insulation of walls, roofs, and floors, and the thermal performance of windows, as well as HVAC systems. Energy certification standards [9, 10] have also been introduced, in order to evaluate a building's energy consumption in its operational phase. However, whilst much attention has been paid to energy consumption due to the aforementioned measure, the indoor environmental quality of buildings is an issue that has been neglected [11] . quality. Since the operation phase of a building has been reported to account for about 70%-98% of a building's energy use and greenhouse gas emissions, depending on the building's design and intended use [26, 27] , it is reasonable to assess a building's sustainability by focusing on the building energy performance during its operational phase. Therefore, energy consumption and indoor environmental quality should be based on in situ measurement.
Almost all of the rating systems have been designed to suit a territory. Evidence suggests that existing rating systems were developed for different local purposes, and are not fully applicable to all regions [28] . China has a vast territory and complex terrain. Climate significantly varies in different areas, due to geographical latitude, terrain, and other conditions. So, for different climatic conditions, the building energy efficiency requires a corresponding different approach. In order to clarify the scientific relationship between architecture design and climate, the Ministry of Construction of China divides China into five main climatic zones, and puts forward different design guides for each zone. Table 1 shows the climatic classification and climatic characters for each zone. This study mainly focused on buildings in China's cold zones, whose climate is characteristic of cold weather in winter and hot weather in summer, leading to a high energy consumption for heating and cooling. Various types of buildings differ in energy consumption and indoor environmental quality. Therefore, for the purpose of this study, the research designers only chose office buildings as a specific type for further research and assessment. The building must meet the requirements of heat preservation in winter, anti-freezing and other requirements.
II Cold zones
Average temperature in January −10~0 • C; Average temperature in July 18~28 • C
The building must meet the requirements of heat preservation in winter, anti-freezing and other requirements.
III Hot summer and cold winter zones
Average temperature in January 0~10 • C; Average temperature in July 25~30 • C
The building must meet anti-overheating, shading, ventilation and cooling requirements in summer. Anti-cold requirements should be taken into account in winter.
IV Hot summer and warm winter zones
Average temperature in January >10 • C; Average temperature in July 25~29 • C
The building must meet anti-overheating, shading, ventilation, cooling and anti-rainwater requirements in summer.
V Temperate zones
Average temperature in January 0~13 • C; Average temperature in July 18~25 • C
The building must meet ventilation and anti-rainwater requirements in summer.
Evaluation Framework
The main purpose of this study is to develop a rating system for building energy efficiency, based on the actual performance of buildings during their operation phase. The stages of development are outlined in Figure 1 . impacts on environment, and that the development of buildings is intended to improve the comfort and health of the indoor environment. Thus, in this study, the evaluation object is limited to the building energy efficiency whose measurement parameter includes energy consumption and indoor environmental quality. Since the operation phase of a building has been reported to account for about 70%-98% of a building's energy use and greenhouse gas emissions, depending on the building's design and intended use [26, 27] , it is reasonable to assess a building's sustainability by focusing on the building energy performance during its operational phase. Therefore, energy consumption and indoor environmental quality should be based on in situ measurement. Almost all of the rating systems have been designed to suit a territory. Evidence suggests that existing rating systems were developed for different local purposes, and are not fully applicable to all regions [28] . China has a vast territory and complex terrain. Climate significantly varies in different areas, due to geographical latitude, terrain, and other conditions. So, for different climatic conditions, the building energy efficiency requires a corresponding different approach. In order to clarify the scientific relationship between architecture design and climate, the Ministry of Construction of China divides China into five main climatic zones, and puts forward different design guides for each zone. Table 1 shows the climatic classification and climatic characters for each zone. This study mainly focused on buildings in China's cold zones, whose climate is characteristic of cold weather in winter and hot weather in summer, leading to a high energy consumption for heating and cooling. Various types of buildings differ in energy consumption and indoor environmental quality. Therefore, for the purpose of this study, the research designers only chose office buildings as a specific type for further research and assessment. Average temperature in January 0~10 C; Average temperature in July 25~30 C The building must meet anti-overheating, shading, ventilation and cooling requirements in summer. Anti-cold requirements should be taken into account in winter.
IV
Hot summer and warm winter zones Average temperature in January >10 C; Average temperature in July 25~29 C The building must meet anti-overheating, shading, ventilation, cooling and anti-rainwater requirements in summer.
V Temperate zones
Average temperature in January 0~13 C; Average temperature in July 18~25 C
Evaluation Framework
The main purpose of this study is to develop a rating system for building energy efficiency, based on the actual performance of buildings during their operation phase. The stages of development are outlined in Figure 1 . 
Development of Evaluation Framework
In the first stage, as illustrated in Figure 1 , the authors defined the evaluation object of the rating system, through a literature review and analysis.
In the second stage, the authors analyzed the existing rating systems under an evaluation framework. Compared to other rating systems such as LEED, BREEAM, and GBL, CASBEE uses a different system for assessing sustainability performance. Rather than relying upon a simple additive approach, CASBEE introduced the concept of Building Environmental Efficiency (BEE), and divided the system into two aspects: Q and L (Figure 2 ). Q stands for the building's environmental quality and L stands for the building's environmental loads, which is the harmful impact caused by the construction and operation of buildings. These two aspects are integrated into a two-dimensional system. The final assessment of the results depends on the coefficient levels of Q and L.
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In the second stage, the authors analyzed the existing rating systems under an evaluation framework. Compared to other rating systems such as LEED, BREEAM, and GBL, CASBEE uses a different system for assessing sustainability performance. Rather than relying upon a simple additive approach, CASBEE introduced the concept of Building Environmental Efficiency (BEE), and divided the system into two aspects: Q and L (Figure 2 ). Q stands for the building's environmental quality and L stands for the building's environmental loads, which is the harmful impact caused by the construction and operation of buildings. These two aspects are integrated into a two-dimensional system. The final assessment of the results depends on the coefficient levels of Q and L. The new rating system is focused on energy performance, as well as indoor environmental quality. Therefore, the two-dimensional system in CASBEE is chosen as a baseline for the rating framework, and modified ( Figure 3 ) The rating result depends on two aspects of the building's performance. (Q/L)t stands for the building energy efficiency level and L stands for the total energy consumption. The author used L (total energy consumption) as a control parameter to prevent the possibility of increasing the total burden on the environment in the new rating system, in order to improve indoor environmental quality in the category rating. The new rating system is focused on energy performance, as well as indoor environmental quality. Therefore, the two-dimensional system in CASBEE is chosen as a baseline for the rating framework, and modified ( Figure 3 ) The rating result depends on two aspects of the building's performance. (Q/L) t stands for the building energy efficiency level and L stands for the total energy consumption. The author used L (total energy consumption) as a control parameter to prevent the possibility of increasing the total burden on the environment in the new rating system, in order to improve indoor environmental quality in the category rating. In the first stage, as illustrated in Figure 1 , the authors defined the evaluation object of the rating system, through a literature review and analysis.
In the second stage, the authors analyzed the existing rating systems under an evaluation framework. Compared to other rating systems such as LEED, BREEAM, and GBL, CASBEE uses a different system for assessing sustainability performance. Rather than relying upon a simple additive approach, CASBEE introduced the concept of Building Environmental Efficiency (BEE), and divided the system into two aspects: Q and L (Figure 2 ). Q stands for the building's environmental quality and L stands for the building's environmental loads, which is the harmful impact caused by the construction and operation of buildings. These two aspects are integrated into a two-dimensional system. The final assessment of the results depends on the coefficient levels of Q and L. The new rating system is focused on energy performance, as well as indoor environmental quality. Therefore, the two-dimensional system in CASBEE is chosen as a baseline for the rating framework, and modified ( Figure 3 ) The rating result depends on two aspects of the building's performance. (Q/L)t stands for the building energy efficiency level and L stands for the total energy consumption. The author used L (total energy consumption) as a control parameter to prevent the possibility of increasing the total burden on the environment in the new rating system, in order to improve indoor environmental quality in the category rating. The systems are divided into four categories and every category is rated under a Q/L system. For office buildings, the authors believe that the key indoor environmental qualities affecting the occupants' feelings, health, and productivity, are thermal comfort, lighting and visual comfort, and other factors, including air quality, acoustic comfort, convenience, and maintenance of the building's appliances, hot water supply, etc., which are related to energy consumption. According to the statistics, in China's cold zone, the building energy consumption of office buildings consists mainly of heating energy consumption in winter, cooling energy consumption in summer, artificial lighting energy consumption, and other energy consumption which includes power equipment energy consumption (for elevators, fans, etc.), socket-equipment energy consumption (for daily office devices), and hot water production energy consumption, etc. [29] .
The indoor air temperature, relative humidity, and indoor illumination are much more related to energy consumption. So, the data of the three is collected through in situ measurement, during the operational phase. Other indoor environmental qualities are measured through subjective questionnaires. Thermal comfort is measured by air temperature, indoor wind velocity, and relative humidity. In this study, the author took indoor air temperature as a parameter to measure the thermal comfort. In this paper, summer represents the period when the cooling system is occupied; winter represents the period when the heating system is occupied.
Therefore, the four categories consist of indoor temperature in winter/heating energy consumption, indoor temperature in summer/cooling energy consumption, indoor illumination/lighting energy consumption, and the satisfaction level/other energy consumption. Each category is assigned a score on a scale of 1 (excellent) to 7 (poor) (Figure 4 ). The evaluation framework and process of the rating system are shown in Figure 5 . The systems are divided into four categories and every category is rated under a Q/L system. For office buildings, the authors believe that the key indoor environmental qualities affecting the occupants' feelings, health, and productivity, are thermal comfort, lighting and visual comfort, and other factors, including air quality, acoustic comfort, convenience, and maintenance of the building's appliances, hot water supply, etc., which are related to energy consumption. According to the statistics, in China's cold zone, the building energy consumption of office buildings consists mainly of heating energy consumption in winter, cooling energy consumption in summer, artificial lighting energy consumption, and other energy consumption which includes power equipment energy consumption (for elevators, fans, etc.), socket-equipment energy consumption (for daily office devices), and hot water production energy consumption, etc. [29] .
Therefore, the four categories consist of indoor temperature in winter/heating energy consumption, indoor temperature in summer/cooling energy consumption, indoor illumination/ lighting energy consumption, and the satisfaction level/other energy consumption. Each category is assigned a score on a scale of 1 (excellent) to 7 (poor) (Figure 4 ). The evaluation framework and process of the rating system are shown in Figure 5 . 
Determination of Weighting and Graphic Dominant Point
In the third stage, after analyzing the codes, standards in China [30] [31] [32] , and in-situ data, the authors define the weighting of categories and the graphic dominant point.
The final rating result depends on two parameters: (Q/L)t (building energy efficiency level) and L (total energy consumption). The rated building is placed on a scale from A (good) to C (poor), and if the performance of a rated building is worse than a C building, it won't be certified ( Figure 3 ). The score of (Q/L)t is calculated as the sum of the scores obtained from each category, with corresponding weighting. According to relevant statistics of the data from office buildings in China's cold zone, heating energy consumption, cooling energy consumption, lighting energy consumption, and other consumption, account for 40%, 20%, 10%, and 30% of the total energy consumption, respectively [30, 31] . Therefore, the weightings of the four categories are set as 0.4, 0.2, 0.1, and 0.3, respectively (Equation (1)). The graphic dominant point of the diagrams is the basis of establishing a quantitative Q/L system rating. The values of Q and L of the graphic dominant point differ, according to the type of buildings and the climatic zone. Through referring to China's "Building Energy Standards" literature review and the result of in situ measurement, the graphic dominant point of each diagram can be identified, and thus the quantitative system of evaluation is established.
In this study, the graphic dominant points depend on the relevant standard values of indoor environmental quality and energy consumption, in individual categories. According to the architectural design code [10, 11] , the authors set the values for indoor environmental qualities: standard indoor temperature in winter value is 20 C, standard indoor temperature in summer is 26 C, and standard indoor illumination value is 300 lx [9, 31] . Tables 2 and 3 show the heating energy consumption and non-heating energy consumption standard of a state institution office building in the Beijing region. The mandatory value and suggested value are stipulated in the standard, and an average value can be calculated and listed as the median value.
According to Tables 2 and 3 , and recent studies and analyses of literature [30] [31] [32] , values for heating energy consumption, cooling energy consumption, lighting energy consumption, and other energy consumption of office buildings, are determined and shown in Table 4 . Thus, the graphic dominant point of each diagram can be determined. The authors then defined the diagram in Figure  4 , based on the graphic dominant point, reference to the relevant literature and study in China [11, 32] , and their experience of green building design. 
The final rating result depends on two parameters: (Q/L) t (building energy efficiency level) and L (total energy consumption). The rated building is placed on a scale from A (good) to C (poor), and if the performance of a rated building is worse than a C building, it won't be certified ( Figure 3 ). The score of (Q/L) t is calculated as the sum of the scores obtained from each category, with corresponding weighting. According to relevant statistics of the data from office buildings in China's cold zone, heating energy consumption, cooling energy consumption, lighting energy consumption, and other consumption, account for 40%, 20%, 10%, and 30% of the total energy consumption, respectively [30, 31] . Therefore, the weightings of the four categories are set as 0.4, 0.2, 0.1, and 0.3, respectively (Equation (1)).
(Q/L) h -Score of indoor temperature in winter/heating energy consumption rating (Q/L) c -Score of indoor temperature in summer/cooling energy consumption rating (Q/L) i -Score of indoor illumination/lighting energy consumption rating (Q/L) s -Score of satisfactory level/other appliance consumption rating (Q/L) t -Building energy efficiency level
The graphic dominant point of the diagrams is the basis of establishing a quantitative Q/L system rating. The values of Q and L of the graphic dominant point differ, according to the type of buildings and the climatic zone. Through referring to China's "Building Energy Standards" literature review and the result of in situ measurement, the graphic dominant point of each diagram can be identified, and thus the quantitative system of evaluation is established.
In this study, the graphic dominant points depend on the relevant standard values of indoor environmental quality and energy consumption, in individual categories. According to the architectural design code [10, 11] , the authors set the values for indoor environmental qualities: standard indoor temperature in winter value is 20 • C, standard indoor temperature in summer is 26 • C, and standard indoor illumination value is 300 lx [9, 31] . Tables 2 and 3 show the heating energy consumption and non-heating energy consumption standard of a state institution office building in the Beijing region. The mandatory value and suggested value are stipulated in the standard, and an average value can be calculated and listed as the median value.
According to Tables 2 and 3 , and recent studies and analyses of literature [30] [31] [32] , values for heating energy consumption, cooling energy consumption, lighting energy consumption, and other energy consumption of office buildings, are determined and shown in Table 4 . Thus, the graphic dominant point of each diagram can be determined. The authors then defined the diagram in Figure 4 , based on the graphic dominant point, reference to the relevant literature and study in China [11, 32] , and their experience of green building design. 
Data Collection and Processing
Indoor environmental quality data is mainly collected through a temperature and illumination recording machine placed in monitoring points, and a subjective questionnaire. Temperature and illumination data are recorded through a natural year. TPJ-22 machines were used to record indoor illumination. Their measuring range is 0-20,000 lx and precision is ±5 lx. DT-171 machines were used to record indoor air temperature. Their measuring range is −40-70 • C and precision is ±1 • C. So, the indoor temperature in winter, indoor temperature in summer, and illumination of the building in working hours, can be collected. The principle of data collection is listed as follows. (1) The arrangement of monitoring points for temperature recording requirements: temperature monitoring points are distributed every 2000 m 2 , the number of monitoring points of each story is not less than four, and the number of monitoring points in an office area and public area (the atrium, corridor, etc.) conforms to a ratio of 3:1; (2) The arrangement of monitoring points for illumination requirements: an illumination point is distributed every 1000 m 2 in an office area, and the number of monitoring points of each story is not less than two. The location of measuring points should be set in the office area at the height of the working plane, 1.5 m away from the exterior wall with windows; (3) Subjective questionnaire arrangement requirements: more than 50 effective subjective questionnaires should be collected for each rated building, and the object of the questionnaire should be chosen randomly, covering occupants who work in different areas within the building. The occupants were given a questionnaire which contained two parts: one for basic information of the person and one for the questions on satisfaction levels of the indoor environmental qualities. There were 12 questions in the latter part and related to the air quality, acoustic comfort, general feeling of the indoor environment, convenience of the building device, convenience and maintenance of the building, and hot water supply, which are related to other energy consumptions mentioned in Section 2.2.1. The scores of those questions are assigned on a scale of −5 (unsatisfactory) to 5 (satisfactory), and all of the questions have the same weighting. The indoor temperature in winter is the average indoor temperature of each monitoring point during winter. The indoor temperature in summer is the average indoor temperature of each monitoring point during summer. The indoor illumination is the average indoor illumination of each monitoring point during working hours (9 a.m.-6 p.m.) in a whole year.
Office buildings in China's cold zones are heated by a central heating system in winter, so heating energy consumption can be recorded by the heat flow meter installed in rated buildings, or the data provided by the district central heating station. The cooling of office buildings in the summer is supported by a central air-conditioning system whose energy consumption can be recorded through an electricity meter. The lighting energy consumption can be recorded through an electricity meter. Other energy consumption can be obtained by subtracting the cooling energy consumption and the lighting energy consumption from the total electricity consumption, which is recorded by the electricity meter. Therefore, the building's total energy consumption is the sum of the total electricity consumption, plus the heating energy consumption.
Rating Results and Discussion
Three existing office buildings underwent one-year of in situ research and measurement, in order to collect quantitative data on their actual performance and analysis under the new rating system. Table 5 shows the basic information of the rated buildings. The considerations for selection were: (1) the three projects are comparable in location, MIIT (Ministry of industry and information technology of PRC) is located in Beijing and the other two -TJDRC (Tianjin Development and Reform Commission) and LTB (Local Taxation Bureau of Nankai District)-in Tianjin, and both cities are cold zones in China's climatic partition; (2) the three buildings are all office buildings which house the government agency, just in different scales and sizes.
According to the data collection principle mentioned in this article, the authors obtain the annual data of energy consumption for heating, air conditioning, illumination, and total power consumption, and total energy consumption, as well as the average indoor temperature in winter and summer, indoor illumination, and other environmental qualities, based on a subjective evaluation. The data is shown in Table 6 . Table 5 . Basic information of the case study buildings.
Project

MIIT TJDRC LTB
Architectural Appearance
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average indoor illumination of each monitoring point during working hours (9 a.m.-6 p.m.) in a whole year. Office buildings in China's cold zones are heated by a central heating system in winter, so heating energy consumption can be recorded by the heat flow meter installed in rated buildings, or the data provided by the district central heating station. The cooling of office buildings in the summer is supported by a central air-conditioning system whose energy consumption can be recorded through an electricity meter. The lighting energy consumption can be recorded through an electricity meter. Other energy consumption can be obtained by subtracting the cooling energy consumption and the lighting energy consumption from the total electricity consumption, which is recorded by the electricity meter. Therefore, the building's total energy consumption is the sum of the total electricity consumption, plus the heating energy consumption.
Rating Results and Discussion
According to the data collection principle mentioned in this article, the authors obtain the annual data of energy consumption for heating, air conditioning, illumination, and total power consumption, and total energy consumption, as well as the average indoor temperature in winter and summer, indoor illumination, and other environmental qualities, based on a subjective evaluation. The data is shown in Table 6 .
Table5. Basic information of the case study buildings. average indoor illumination of each monitoring point during working hours (9 a.m.-6 p.m.) in a whole year. Office buildings in China's cold zones are heated by a central heating system in winter, so heating energy consumption can be recorded by the heat flow meter installed in rated buildings, or the data provided by the district central heating station. The cooling of office buildings in the summer is supported by a central air-conditioning system whose energy consumption can be recorded through an electricity meter. The lighting energy consumption can be recorded through an electricity meter. Other energy consumption can be obtained by subtracting the cooling energy consumption and the lighting energy consumption from the total electricity consumption, which is recorded by the electricity meter. Therefore, the building's total energy consumption is the sum of the total electricity consumption, plus the heating energy consumption.
According to the data collection principle mentioned in this article, the authors obtain the annual data of energy consumption for heating, air conditioning, illumination, and total power consumption, and total energy consumption, as well as the average indoor temperature in winter and summer, indoor illumination, and other environmental qualities, based on a subjective evaluation. The data is shown in Table 6 average indoor illumination of each monitoring point during working hours (9 a.m.-6 p.m.) in a whole year. Office buildings in China's cold zones are heated by a central heating system in winter, so heating energy consumption can be recorded by the heat flow meter installed in rated buildings, or the data provided by the district central heating station. The cooling of office buildings in the summer is supported by a central air-conditioning system whose energy consumption can be recorded through an electricity meter. The lighting energy consumption can be recorded through an electricity meter. Other energy consumption can be obtained by subtracting the cooling energy consumption and the lighting energy consumption from the total electricity consumption, which is recorded by the electricity meter. Therefore, the building's total energy consumption is the sum of the total electricity consumption, plus the heating energy consumption.
Table5. Basic information of the case study buildings. The indoor temperature in winter/heating energy consumption rating results of the three buildings are shown in Figure 6 . The heating energy consumption of MIIT is 36.0 kWh/m 2 a, indoor temperature in winter is 21.0 • C, and the score is 5 (very close to 4). The indoor temperature is higher than the recommended design temperature, of 20.0 • C. Thus, there is a potential for the score of MIIT to be improved to 4, if the heating supply and the time of window-opening are reduced, leading to a reduction in heating energy consumption. The heating energy consumption of LTB is 38.0 kWh/m 2 a, indoor temperature in winter is 19.2 • C, and the score is 6. The thermal comfort of LTB is close to that of MIIT, but the energy consumption of LBT is much higher than that of MIIT, so the score of LBT is much worse than MIIT. The heating energy consumption of TJDRC is 50.0 kWh/m 2 a, indoor temperature in winter is 19.8 • C, and the score is 7, which is the worst of the three. The construction of TJDRC was completed in 1997, when the codes for the performance of buildings were not as strict as today. In order to maintain a comfortable indoor temperature in winter, the heating energy consumption must be very high. Also, there is little possibility of improving the rating score of TJDRC through optimizing the operation of buildings and the habits of its occupants.
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Indoor Temperature in Winter/Heating Energy Consumption Rating
The indoor temperature in winter/heating energy consumption rating results of the three buildings are shown in Figure 6 . The heating energy consumption of MIIT is 36.0 kWh/m 2 a, indoor temperature in winter is 21.0 C, and the score is 5 (very close to 4). The indoor temperature is higher than the recommended design temperature, of 20.0 C. Thus, there is a potential for the score of MIIT to be improved to 4, if the heating supply and the time of window-opening are reduced, leading to a reduction in heating energy consumption. The heating energy consumption of LTB is 38.0 kWh/m 2 a, indoor temperature in winter is 19.2 C, and the score is 6. The thermal comfort of LTB is close to that of MIIT, but the energy consumption of LBT is much higher than that of MIIT, so the score of LBT is much worse than MIIT. The heating energy consumption of TJDRC is 50.0 kWh/m 2 a, indoor temperature in winter is 19.8 C, and the score is 7, which is the worst of the three. The construction of TJDRC was completed in 1997, when the codes for the performance of buildings were not as strict as today. In order to maintain a comfortable indoor temperature in winter, the heating energy consumption must be very high. Also, there is little possibility of improving the rating score of TJDRC through optimizing the operation of buildings and the habits of its occupants. 
Indoor Temperature in Summer/Cooling Energy Consumption Rating
The indoor temperature in summer/cooling energy consumption rating results of the three buildings are shown in Figure 7 . The cooling energy consumption of MIIT is 10.8 kWh/m 2 a, indoor temperature in summer is 26.0 C, and the score is 3. The thermal comfort of MIIT is good, and the energy consumption of cooling is low, so the overall score of MIIT is good. There is a possibility that the rating of MIIT can be improved to 2, if the natural ventilation time (especially at night) is prolonged, leading to reduction in the cooling energy consumption. The cooling energy consumption of TJDRC is 16.0 kWh/m 2 a, indoor temperature in summer is 26.8 C, and the score is 6. The thermal comfort of TJDRC is close to that of MIIT, but the cooling energy consumption is much higher than that of MIIT, thus the score of TJDRC is worse than MIIT, by 2 points. The cooling energy consumption of LTB is 14.0 kWh/m 2 a, indoor temperature in winter is 26.4 C, and the score is 5. 
The indoor temperature in summer/cooling energy consumption rating results of the three buildings are shown in Figure 7 . The cooling energy consumption of MIIT is 10.8 kWh/m 2 a, indoor temperature in summer is 26.0 • C, and the score is 3. The thermal comfort of MIIT is good, and the energy consumption of cooling is low, so the overall score of MIIT is good. There is a possibility that the rating of MIIT can be improved to 2, if the natural ventilation time (especially at night) is prolonged, leading to reduction in the cooling energy consumption. The cooling energy consumption of TJDRC is 16.0 kWh/m 2 a, indoor temperature in summer is 26.8 • C, and the score is 6. The thermal comfort of TJDRC is close to that of MIIT, but the cooling energy consumption is much higher than that of MIIT, thus the score of TJDRC is worse than MIIT, by 2 points. The cooling energy consumption of LTB is 14.0 kWh/m 2 a, indoor temperature in winter is 26.4 • C, and the score is 5. 
Indoor Illumination/Lighting Energy Consumption Rating
The indoor illumination/lighting energy consumption rating results are illustrated in Figure 8 . The indoor illumination of MIIT is 360 lx, lighting energy consumption is 8.5 kWh/m 2 a and the score is 3. The indoor illumination of MIIT is comfortable and energy consumption is low. The rational layout design of MIIT, which provides an abundance of natural light, and the usage of energy saving lighting facilities, both contribute to lower lighting energy consumption. Thus, the rating result of MIIT is good. The indoor illumination of TJDRC is 350 lx, lighting energy consumption is 11.3 kWh/m 2 a and the score is 6. Although the indoor illumination of TJDRC is close to that of MIIT, its lighting energy consumption is much higher. So, the score is worse than MIIT, by 3 points. The indoor illumination of LTB is 390 lx, lighting energy consumption is 13.5 kWh/m 2 a, and the score is 7. The compact layout design and rich depth of LTB leads to bad natural lighting. The occupants of LTB are used to utilizing artificial lighting during the daytime to maintain a comfortable working environment, so the lighting energy consumption is higher than the other two. Optimizing the lighting facilities in LTB is unlikely to reduce energy consumption to a reasonable level. 
Satisfactory Level/other Energy Consumption Rating
The satisfactory level/other energy consumption rating results are illustrated in Figure 9 . The questions in the subjective questionnaire involve an occupants' satisfaction level when considering indoor environmental qualities, such as thermal comfort, visual comfort, and other factors. When calculating the value of the satisfactory level, subjective assessments of thermal comfort in summer and winter, and visual comfort are excluded. So, the satisfactory level in this category stands for an occupants' assessment of other indoor environmental qualities relating to energy consumption. The 
Indoor Illumination/Lighting Energy Consumption Rating
Satisfactory Level/other Energy Consumption Rating
The satisfactory level/other energy consumption rating results are illustrated in Figure 9 . The questions in the subjective questionnaire involve an occupants' satisfaction level when considering indoor environmental qualities, such as thermal comfort, visual comfort, and other factors. When calculating the value of the satisfactory level, subjective assessments of thermal comfort in summer and winter, and visual comfort are excluded. So, the satisfactory level in this category stands for an occupants' assessment of other indoor environmental qualities relating to energy consumption. The satisfactory level of the MIIT is 3.7 and the correspondent energy consumption is 24.4 kWh/m 2 a. The satisfactory level of the TJDRC is 2.0 and the energy consumption is 25.4 kWh/m 2 a. The satisfactory level of the LTB is 3.1 and the energy consumption is 30.5 kWh/m 2 a. The three buildings scored 2, 4, and 3, respectively. Figure 10 shows the final rating results for the three buildings. The score of (Q/L)t of MIIT, TJDRC, and LTR, which are obtained through weighted calculations, are 3.5, 5.8, and 4.9, respectively. The total energy consumption of MIIT is 79.7 kWh/m 2 a, and the building energy efficiency of MIIT is labeled as B grade. The total energy consumption of TJDRC is 102.7 kWh/m 2 a, and the total energy consumption of LTB is 96.0 kWh/m 2 a. TJDRC and LTB are not certified by the new rating system, due to their poor performance in energy consumption. 
Final Rating
Conclusions and Outlook
This article has presented a new rating system for building energy efficiency, and it is intended to evaluate office buildings in China's cold zone. The main novelty of the presented method is that the evaluation and rating is based on in situ measurement results of existing buildings, during their operational phase. The method was developed on the basis of the Q/L system of CASBEE, and a series of studies on relevant literature, rating systems, codes, and standards in China. The rating system Figure 10 shows the final rating results for the three buildings. The score of (Q/L) t of MIIT, TJDRC, and LTR, which are obtained through weighted calculations, are 3.5, 5.8, and 4.9, respectively. The total energy consumption of MIIT is 79.7 kWh/m 2 a, and the building energy efficiency of MIIT is labeled as B grade. The total energy consumption of TJDRC is 102.7 kWh/m 2 a, and the total energy consumption of LTB is 96.0 kWh/m 2 a. TJDRC and LTB are not certified by the new rating system, due to their poor performance in energy consumption.
Final Rating
satisfactory level of the MIIT is 3.7 and the correspondent energy consumption is 24.4 kWh/m 2 a. The satisfactory level of the TJDRC is 2.0 and the energy consumption is 25.4 kWh/m 2 a. The satisfactory level of the LTB is 3.1 and the energy consumption is 30.5 kWh/m 2 a. The three buildings scored 2, 4, and 3, respectively. Figure 10 shows the final rating results for the three buildings. The score of (Q/L)t of MIIT, TJDRC, and LTR, which are obtained through weighted calculations, are 3.5, 5.8, and 4.9, respectively. The total energy consumption of MIIT is 79.7 kWh/m 2 a, and the building energy efficiency of MIIT is labeled as B grade. The total energy consumption of TJDRC is 102.7 kWh/m 2 a, and the total energy consumption of LTB is 96.0 kWh/m 2 a. TJDRC and LTB are not certified by the new rating system, due to their poor performance in energy consumption. 
Conclusions and Outlook
This article has presented a new rating system for building energy efficiency, and it is intended to evaluate office buildings in China's cold zone. The main novelty of the presented method is that the evaluation and rating is based on in situ measurement results of existing buildings, during their operational phase. The method was developed on the basis of the Q/L system of CASBEE, and a series of studies on relevant literature, rating systems, codes, and standards in China. The rating system 
This article has presented a new rating system for building energy efficiency, and it is intended to evaluate office buildings in China's cold zone. The main novelty of the presented method is that the evaluation and rating is based on in situ measurement results of existing buildings, during their operational phase. The method was developed on the basis of the Q/L system of CASBEE, and a series of studies on relevant literature, rating systems, codes, and standards in China. The rating system considers the actual energy consumption and indoor environmental quality. Three occupied office buildings in Beijing and Tianjin underwent one year of in situ measurement and research. The collected data were processed and the buildings were evaluated using the new rating system. The result of MIIT is a GBL-certified building, rated as B grade under the new system, but it can be seen from the discussion that there is great potential for a better grade, through optimizing the occupation and operation of the building. The other two offices were not certified by the rating system because of their poor performance in energy consumption. There is a need to improve the building energy efficiency of these two buildings, by optimizing the operation, occupants' using habits, and maybe the retrofitting of the buildings.
The rating system is intended to provide a more accurate and comprehensive understanding of energy performance of a building to asset holders, occupants, and designers. It reveals the real energy efficiency and indoor environmental qualities that simulation in energy certification and existing rating systems can not show. Rating results under the new rating system, combined with design data of the buildings, can also be a reference for the retrofitting of existing buildings and the design of new buildings. It may inspire designers to make more climate-adapted decisions, instead of adopting strategies in order to meet relevant requirements under the existing certification or evaluation systems. In this study, only one type of building (office building) and one type of climatic context were taken into account, but the authors believe that through more research and study, the rating system can be expanded to a more complete level, under the framework and methodology that can serve a larger variety of buildings in all kinds of climatic zones in China.
